The chemical composition of a sample of the title species collected in Pianma, Lushui County, Yunnan Province of China, was examined. Two 3,6,10oxygenated and two 3,6-oxygenated furanoeremophilanes were isolated. Structures of two new compounds were elucidated. The 3,6-oxygenated furanoeremophilanes were not detected in a sample of the same species previously collected in Laojunshan, Jianchuan County, Yunnan, indicating chemical diversity in the species.
The genus Ligularia (Asteraceae) is highly diversified in the Hengduan Mountains of China and over 100 species have been recorded [1] . We have been studying inter-and intra-specific diversity in the genus by analyzing root chemicals and nucleotide sequences of evolutionarily neutral DNA regions [2] . To date, we have found intra-specific diversity in many species. Furanoeremophilanes have been isolated from most of the major Ligularia species with a variety of substitutions.
L. oligonema Handel-Mazzetti grows in the forest understories and grasslands of the northwestern and western Yunnan Province of China [1] . We previously isolated two furanoeremophilanes, 1 and 2, from a sample collected in Laojunshan, Jianchuan County, Yunnan [3] and, to the best of our knowledge, this has been the only report of the chemical composition of the species. Among the Ligularia species we have studied so far, L. oligonema is morphologically close to L. [4] and L. nelumbifolia [5] , as well as from L. oligonema [3] .
Further search provided us with another L. oligonema sample in Pianma, Lushui County, in the western Yunnan. A part of a fresh root was extracted with EtOH immediately after collection and the extract was subjected to Ehrlich's test on TLC [6] . The extract of the previously collected fresh root sample in Laojunshan was also subjected to the test on the same TLC plate (Figure 1 ). Both the Laojunshan and the Pianma samples show two major spots (R f = 0.48 and 0.20, hexane-EtOAc 7:3). Additional spots are detected for the Pianma sample, suggesting the presence of other furanoeremophilanes.
LCMS was measured using the same EtOH extracts. The total ion chromatograms (TICs) are shown in Figure 2 . Two common main peaks are observed for the Pianma and the Laojunshan samples at t R = 1.9 and 3.5 min. Additional peaks are observed for the Pianma sample which are in agreement with the TLC result. Four compounds 3 (R f = 0.57), 4 (0.48), 5 (0.35) [7] , and 6 (0.62) [7] were isolated from the EtOH extract of dried roots of the Pianma sample ( Figure 3 , see also Figure 1 ). LCMS was measured for the isolated compounds and the peaks at t R = 3.5, 4.6, 5.5, and 6.4 min NPC Natural Product Communications were assigned to 4, 3, 5, and 6, respectively ( Figure 2) . The peak at t R = 1.9 min was expected to be due to 7 (m/z 331, [M + Na] + ), as discussed below. This compound may correspond to the spot at R f = 0.20 on the TLC. The structures of 3 and 4, which were new, were determined as follows.
The molecular formula of 3 was determined to be C 20 H 28 O 4 from HR-CI-MS (m/z 332.1990). The IR spectrum showed the presence of two carbonyl groups (1721 and 1713 cm -1 ). Because 1 H NMR signals of 3 were broad when measured in C 6 D 6 , NMR spectra were measured in CDCl 3 (Table 1) . Typical signals of furanoeremophilane such as a furan proton ( 7.09 (H-12)) and an olefinic singlet methyl (1.93 (H 3 -13)) were observed together with another singlet methyl, two doublet methyls, a triplet methyl, and an oxygen-bearing methine ( 5.89, H-6) . The 13 C NMR spectrum showed four furan carbons, an ester carbonyl ( 176.1 (C-1′)), and a ketone ( 211.7 (C-3)). These data suggest that 3 is a furanoeremophilane with an ester group at C-6. All carbon signals were assigned by DEPT and HMQC and the position of the ketone group was determined to be at C-3 from HMBC correlations of the carbonyl carbon with H-1, 2, 4, and Me-15. The entire planar structure was confirmed by additional COSY and HMBC correlations shown in Figure 4 . Although NOE between Me-14 and H-10 was not observed, the cis-decalin system with an oxygen substituent at C-6 was supported by NOEs between Me-14 and H-9, between Me-15 and H-10, and between H-6 and H-4 ( Figure 4) . Thus, the structure of 3 was established as depicted. The broad signals observed in C 6 D 6 may be due to flipping between steroidal and non-steroidal conformations [8] . The molecular formula of 4 was determined to be C 19 H 28 O 5 from HR-CI-MS (m/z 337.2019, M+H). The IR spectrum showed the presence of a hydroxy (3460 cm -1 ) and a carbonyl (1732 cm -1 ) groups. 1 H and 13 C NMR spectra showed signals of an ethoxy ( H 3.41, 3.61, and 1.18;  C 65. 5 and 15.4) and an acetyl groups ( H 2.09) as well as signals typical of furanoeremophilane. The 1 H NMR spectrum was similar to that of 1, previously isolated from the same species [3] , however, the signal of H-6 was shifted upfield, indicating that an ethoxy group was attached to C-6. The planar structure was determined from COSY and HMBC spectra ( Figure  5 ). The configuration at each stereogenic center was determined to be the same as in 1 by NOE signals shown in Figure 5 . This compound may be an artefact generated from 6-hydroxy (7) or 6acyloxy derivative(s) (such as 1 and 2) during EtOH extraction, as substitution of 6-oxygenated furanoeremophilane at the C-6 position with EtOH is often observed (see ref.
[9] and references cited therein).
3,6,10-Oxygenated furanoeremophilanes 4 and 7 were detected for both the Laojunshan and the Pianma samples by LCMS ( Figure 2) . However, the compounds isolated from dried roots were 1 and 2 for the Laojunshan sample [3] and 4 for the Pianma sample. As mentioned above, 4 may be an artefact generated from 6-acyloxy derivatives, such as 1 and 2, during EtOH extraction. The successful isolation of 1 and 2 from the Laojunshan sample in the past may be due to the short time of extraction (four days). Although not stated in our previous report [3] , 4 was obtained from the Laojunshan sample as the major compound, together with 1, 2, and 8 [10] , after extraction for five months. Compound 7 may also be an artefact generated from 6-acyloxy derivative(s) because the root samples were extracted without drying. The substitution with EtOH was probably catalyzed by plant debris because both 1 and 2 were stable for several months when stored in EtOH in pure form.
Thus, it is not known whether the Laojunshan and the Pianma samples originally contained any common compound, e.g., 1 and/or 2. However, the two were clearly different in that only the Pianma sample contained 3,6-oxygenated furanoeremophilanes 3, 5, and 6, indicating that L. oligonema harbors chemical diversity. To assess the genetic divergence between the two samples, the base sequence of the internal transcribed spacer 1 (ITS1)-5.8S-ITS2 region in the nuclear ribosomal RNA gene cluster was determined. The results are summarized in 
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Base position b 1 1 2 2 2 3 3 4 4 6 6 6 6 9 1 8 2 3 8 9 9 0 3 0 1 2 3 5 7 3 6 0 2 8 3 2 3 1 1 8 9 Furanoeremophilanes have been isolated from taxonomically close species, L. franchetiana [4] and L. nelumbifolia [5] , as well. However, their oxidation patterns are different from the pattern in the compounds from L. oligonema: the furanoeremophilane from L. franchetiana was 3,9-oxygenated and the one from L. nelumbifolia, 6-oxygenated. 3,6,10-Oxygenated furanoeremophilanes with no further oxygen functionality have been isolated from L. hodgsonii J. D. Hooker [11] and L. dictyoneura (Franchet) Handel-Mazzetti [12] . Related lactones have also been obtained from L. hodgsonii [13] and other Ligularia species [14] . In contrast, L. dictyoneura [12] and L. oligonema are the only Ligularia species from which 3,6-oxygenated furanoeremophilanes with no further oxygen functionality have been isolated, although many have been obtained from various Senecioneae species. Interestingly, L. franchetiana, L. dictyoneura, L. hodgsonii, and L. oligonema, are found in Yunnan Province. The production of 3,6-oxygenated and 3,6,10-oxygenated furamoeremophilanes in these species may have some evolutionary connection and/or have undergone a common environmental selection. More samples are necessary to understand the relationship among these species and between the chemical composition and ecology.
